Otherwise inaccessible tropolonylureas were prepared by reaction of t-butylurea with appropriate amines, with elimination of t-butylamine. This method is also generally applicable for urea synthesis.
are used as therapeutics for diabetes, sorafenib 4, 5) is used to treat renal cell carcinoma, N- (3,4-dichlorophenyl) -NЈ,NЈ-dimethylurea (diuron) 6 ) is a herbicide, and N-(2-chloro-4-pyridyl)-NЈ-phenylurea (forchlorofenuron) 7) is a plant growth regulator. 8) Such compounds may be prepared by conventional methods, 9, 10) i.e., reaction of an amine with an isocyanate (or in situ-formed isocyanate generated by Curtius rearrangement of acid azide), [11] [12] [13] [14] reaction of an amine and a carbamate, [15] [16] [17] [18] or reaction of an amine and phosgene or its equivalents. [19] [20] [21] The last method is convenient, but sometimes encounters difficulties when the amine or intermediate is reactive. In some cases, none of these methods can be easily applied.
We have been investigating the structural and medicinal chemistry of tropolone (2-hydroxy-2,4,6-cycloheptatrien-1-one), 22) which is a nonbenzenoid aromatic compound having a flat seven-membered ring. The tropolone fragment can be used as a pharmacophore instead of benzoic acid, phenol or other heteroaromatic moieties, 23) and its derivatives, e.g., thujaplicins and colchicines, possess antibacterial, antifungal, antiviral, and antitumor properties. 24, 25) Some tropolone derivatives show significant retinoid activity. 23 ) Therefore, we set out to synthesize various tropolonylureas from 5-aminotropolone (1) . 26, 27) When we attempted to extend tropolone chemistry, we found that compounds such as N,NЈ-di(5-tropolonyl)urea (2) were not readily accessible from 1, since we could not obtain 5-tropolonyl isocyanate by conventional methods (e.g., using phosgene equivalents). Fortunately, we found a method to prepare compound 2 (Chart 1), and this method can also be applied to general synthesis of urea compounds, as described below.
Results and Discussion
5-Aminotropolone (1) reacts with various isocyanates, such as phenyl, substituted phenyl, and aliphatic isocyanates, leaving the hydroxy group intact. However, when 1 was treated with 1 eq of t-butyl isocyanate at reflux for 51 h in tetrahydrofuran (THF), N,NЈ-di(5-tropolonyl)urea (2) was unexpectedly obtained as a major product instead of N-tbutyl-NЈ-(5-tropolonyl)urea (3) . In order to obtain 3, an excess amount of t-butyl isocyanate and a shorter reaction time are required, suggesting that 3 may serve as an intermediate in the formation of 2. Indeed, when isolated 3 was treated with 1 in toluene at 120°C for 14 h, 2 was smoothly generated in a good yield of 82% (Chart 1).
When N-adamantyl-NЈ-tropolonylurea was prepared and reacted with 1 under similar conditions, 2 was obtained in a lower yield of 36%. The main reason for this may be that the adamantylamine is not readily removed during the reaction, because of its high boiling point. Therefore, the t-butylamine may be the best leaving alkylamine in terms of both bulkiness (high eliminability) and high volatility. This method for urea preparation, utilizing t-butylurea, should be available not only for 5-tropolonyureas, but also for general preparation of ureas (vide infra).
Reaction of 3 with a variety of primary and secondary amines (e.g., aromatic, heterocyclic, aliphatic amines) in toluene at 120°C afforded the desired ureas in good yield ( Table 1 , entries [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . A hindered amine, 2,6-dimethylaniline, reacted with 3 to give 4a (entry 1). The reaction proceeded well with amines that are nucleophilic (e.g., entries 2, 4, 6) or weakly nucleophilic (e.g., entries 3, 5, 8, 9, 11) . As expected, 3 reacted with piperazine, a bidentate amine, to afford N-piperazinyl-NЈ-(5-tropolonyl)urea (4l) in 72% yield, leaving one amino group intact (entry 12). Ureas 4m-p were also readily obtained by the reaction of 3 with other aliphatic secondary amines (entries [13] [14] [15] [16] . The method was also extended to more complex tropolonylureas (entries 18, 19) . The reaction of 3 with bioactive substances, such as histamine and pindolol, provided the corresponding ureas 4r and 4s derivatized from the aliphatic amines, respectively, in high yield. The reactions of N-t-butyl-NЈ-phenylurea (5) and N-t-butyl-NЈ-(3-pyridyl)urea (7) with amines are illustrated in entries 20-24.
Possible reaction pathways include a stepwise reaction involving an isocyanate intermediate formed by elimination of t-butylamine, and/or direct nucleophilic substitution of the tbutylamine by amine (RЈRЉNH) (Chart 2). It was reported that N-alkyl-NЈ-phenylureas can be prepared from N,NЈ-diphenylurea by treatment with aliphatic amines, though this reaction lacks versatility, and the reaction mechanism has not been established. [28] [29] [30] In the present reaction, the t-butylureas are stable at toluene reflux temperature, and simple thermal dissociation to the isocyanate intermediate is unlikely. [31] [32] [33] [34] The presence of amine is necessary for the reaction to proceed. The amine may catalyze elimination of the tbutylamine to afford the isocyanate. Or, nucleophilic attack of the amine on the carbonyl group and subsequent removal of t-butylamine may occur. In any case, the formed t-butylamine (bp 44-46°C) is highly volatile, and can be easily removed from the reaction medium. t-Butylamine evaporated from the reaction medium can be easily detected with pH test paper.
Conclusion
A simple and versatile method for the preparation of ureas, based on reaction of t-butylureas with amines, was developed. This method is especially useful for synthesizing urea compounds for which corresponding isocyanates or their precursors are not available.
Experimental
General Procedures Melting points were determined on a Yanagimoto micro-melting point apparatus (hot plate) without correction. Mass spectra were recorded on a Hitachi M-80B spectrometer at an ionizing voltage of 70 eV, and figures in parentheses indicate the relative intensities. IR spectra were measured on a Shimadzu IR-460 spectrophotometer. (39) .
N-Methyl-N-phenyl-N -(5-tropolonyl)urea (4d) Ocher prisms (AcOEt), mp 134-136°C. 
